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CONFIDENTIAL : Serial No. EES-B-5350-AS(b)

AUTHORIZATION FOR TEST

l. This test was authorized by the Bureau of Aeronautics, letter Aer-E-350-81-
P-13-4(1) of 21 May 1941.

OBJECT OF TEST

2. The object of this work wes to design, conctruct, and test a practical
Valveless-Resojet motor operzting on the principle of the intermittent firing
of an atmospheric air-fuel mixture in a chamber to produce a high-velocity
Jot of the exhaust gases, which produces forward thrust on the motor by
direct jet recotion.

SUMMARY

3. A 6" Valveless-Resojet motor was designed, constructed, and tested by
this Station. This motor operates on the principle of the intermittent
firing of an atmospheric air-fuel mixture in a chamber to produce a high-
veloclity jet of the exhaust gases which produces forward thrust on the
motor.

4. The Valveless-Rescjet (see Plate 1) consists of a combustion chamber,
a nozzle pipe through which the exhaust guses leave the motor, an air-en-
trance duct in the front of the chamber, a mesns for injecting fuel and a
means for igniting the fuel-air mixture in the combustion chamber.

5. In an earlier report by this Station entitled "Design, Construction and
Testing of a 6" Resojet Motor", Serial No. EES-B-5350-AS(a), tests on a
motor similar to the present motor were described. That motor operates on
much the seme principle, but employs mechanical, reed-type valves in the
chamber head-plate to prevent loss of explosive energy in the forward di-
rection. The mresent motor is, therefore,termed a "Valveless-Resojet"
since its "valving" is accomplished acoustically, rather than mechanicsally.

6. The results of tests on the best motor shape tried are sefollows (see
Pletes 2 to 7):

Approx.

Alr speed Net thrust Specific thrust
MPH - LB8 _‘LSRLS&@_-__
340 10.5 954
420 13.5 835
480 Would not resonate properly.

The fuel used in these tests was gaseous propane.

7. It is helieved that Valveless-Resojets, in lerger sizes, of oourse,

Page 1.
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CONTIDESTIAL Serial No. EES-B-5350-AS(b)

would prove to be of great use in many applications which require a light-
weight expendable jet propulsion unit or a light-weight, compact gas generator
for driving turbines, etc.

DESCRIPTION OF EQUI T

8. Plate 1 18 & drawing of the best Valveless-Resojet tested. Plate 8 is a
photograph of the motor completely assembled. The air intake pipe 1s made of
1-1/2" stondard steel pipe, the annulur head plate of 1/8" thick mild steel
sheet, the combustion chamber of 6" etandard steel pipe, the nozzle cone of
1/8" thick mild steel sheet, the nozzle pipe of 4" standard steel pipe, and
the fuel supply tube (shown in Plates 8 to 10, protruding from the side of the
air intake pips) is of 3/8" copper tubing. Gaseous propane, the fuel in
these teets, is delivered to the motor through this 3/8" tube and enters

the air stream through 23 holes, No. 53 drill size, directed along radii of
the air-intake pipe at i1ts junction with the combustion chamber (see Plates
1, 9 and 10). The materials from which this motor was made wculd, of course,
not be ueed if the motor were built ae light-weight as possiole. The motor
described herein ie, instead, a teet stand model built for long operating
1ife without cooling, and frequent and easy disassembly and modification.

The propane used in these teste 18 purchased by the Navy in the elightly
impure form known aa "Pyrofax".

9. This type of jet propulsion device has been termed a "Resojet" by this
Station since its operation depende upon the excitation of the natural
fundamentel frequency of the gas column in the tube by the intermittent
force of the explosione therein. Referring to Plete 1, 1t can be seen that
air travelling at high speed relative to the motor (ae would be the caee in
operation on a fest-moving airplane) will enter the air-intake pipe and mix
with gaseous propane ae it enters the chamber. As the explosive mixture
reaches the spark-plug, it 1s ignited, creating a high pressure within the
chamber. Thie pressure surge moves both out the nozzle pipe and forward
toward the air-inteke pipe. First, this forward moving high pressure wave
impedee the flow of propane which ie delivered at constant pressure to the
injection holes, and thén enters the air-intake tube, stopping the air
flow. As thie pressure wave is dlesiputed, air and propane are again al-
lowed to mix and ignite, thue repeating the cycle. In the motor ehown in
Plste 8, the explosion frequency ie about 90 cycles per second. Other in-
take, chamber, and nozzle pipe eizes would cause this frequency to change.
Plate 11 showe the dependence of the explosion frequency on the length of
the air-intake plpe. Platee Z to 7 show the effect on frequency of dif-
ferent chamber and nozzle-pipe eizes in various combinations.

METHOD OF TEST

10, Plate 12 ehows the 6" Valveless-Resojet on its test stand. The motor
is mountad on a rolling carriage which 1e allowed to move against an oil-
filled thrust bellowe, which, in turn, is connected to a pressure gauge. '
This oll preseure system is calibreted to allow direct reading of thrust
vhile the Resojet 18 in operation.

-Pagoz.




CONFIDENTIAL ' . Serial No. EES-B-5350-AS(b)

11. Fuel (gaseous propene) is supplied to the Resojet from a pressure tank
into which gaseous propone has been bled from its shipping container. From
the gaseous propane tank, the fuel enters & manually-controlled fuel valve
vwhich 18 used to regulate the amount of fuel delivered to the motor. A

spark plug, installed in th side of the motor, is connected in an slsctrical

oircuit with a Ford coll, and provides the initial ignition of the explosive
charge.

12, When it is desired to make an efficlency run, the pracsurs and tempern-
ture of the gaseous propane in its tank =2re mezsured. An uir blast from
compressed air tanks is directed at the air intake pipe of the motor, its

. speed being measured by a pitot tubs mounted between the air sourcs and ths

motor. The ignition system is turned on cnd the fusl valve opened, allowing
gaseous propane to be fasd into the chamber by its own prescure in the supply
tank. Combustion begins immediately at about 90 sxplosions psr sscond. The
fuel flow is incrscsed until ths thrust reaches a maximum. Any incrcase in

fuel flow bsyond this pcint will cause the motor to stop running. The thrust,

a8 measured by the thrust system prassure gauge, is found to remain quite

steady, since the high frequency of opsration produces eflectively &« constant

thrust. The total time of ths run is measured by a stop watch. When the

test run is ended, the pressurs and temperature of the gaseous propane in the

supply tank are measured. Referencs to a Mollisr diagram for superhsated
propane gas yields the totul welght of propans consumed during the run.

RESULTS OF TEST
13. Plates Z to 7 show thas results of all tests run on this type of motor.

Plate 1 describes the best (from ths standpoint of efficiency) form tested.
Results of tests on this perticular motor are as follows:

Approx.
Air speed Net thrust Specific thrust
MPH LBS 1bs/1bs/sec.
340 10.5 954
420 13.5 835
480 Yould not resonate properly.

14. It must be realized that no cttempt was mcde in these tests to measure
the sxtsrnal aerodynamic drag occasioned by the high air speseds, since air
was supplied from 2 small duct and there was very little "spillover" from
the air intaks pipe of the motor. The nat thrusts mentioned above and in
‘Plates 2 to 7 do, however, include ths detrimental effect of internal air
dareg.

CONCLUSION

15. It is concluded, on thas basis of the forsgoing test results, that the
Valveless-Resojet designed, constructed, and tested mt this Station is ca-
pable of delivering a maximum net thrust of 13.5 lbs. at a specific thrust
of 835, using gaseous propane as fuel. Conclusions, as to the effect of
the external air drag on this motor's thrust and efficienoy, cannot be

Page 3.
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CONFIDENTIAL ’ Serial No. EES-B-5350-AS(b)

drawn, since no wind tunnel equipment was available for these tests. It is
believed that the Valveless-Resojet in larger sizes, of .course, could be use-
ful in many applications which require a light-weight, expendable jet propul-
sion unit or a light-weizht, compact gas generator for driving turbines, etc.
Alr pressurs, of course, is required for this motor's operation, but would be
readily available in applications to aircraft alrecdy travelling at high aspeeds.

RECOMMENDATIONS

16. It is recommended that work be continued on the Valveless-Resojet to im-
prove its performance and usefulness.




ON INIMYNG

IWvN | "W ‘SIIOJYNNY

£G600

TITTTT7TT
NENNNNEE

LILOSIY SSTTAATHA Fid,

» 100€33 071
BFTSTIG SzawT e 173104d ¥3vng

"ON "OM0 A8 020359 9015 72/S E-515

S 39ID

C TR S0 TaddiS 03104 40 ™/, ‘010 + 101

QSE£58-S7135 1574 JA0¥ddv] M3 |o3wd:n)| Si4vag ‘NVND | MW01S | C1vw

w0l | 82/t | 35 4 pHhz/,

SERIAL O, ££8 -8-5850-40(y

e

T CONFIDENTIAL

AMN23SY ki G3sn

DD & mw

VILN3QIINOD

PLAre ¢




-
s s isis

B-53

-~
Lo
id
KJ

eq¥n0sa1 q08

1

.

Sarial ¥

14
S*LT
1
6
1
1

-

“
u
L]
L]
4
4
M
“
*)
u
u

e

E e en e it e
sepEisepghilcminle

“
(usqens oos)
Jequeyd
Jo pue u9e=1
g°e 0¥2 PO 3% | P | LRI [W2TETN.9P | ‘W8P
— ﬂ T oid
Jes/89] 9es/sql soes Q1 ydm edyd 0002 Jequeyo oxejuy
T 831 | eyszom | eyzzou  woy3sMQWOC |  JIw
0sg/0l0 IBNAYG noyy ma g jenxyy  peeds uojjoefuy | 2030
*box: 91 Toede 13 ST O ItV 1ong

¥ A1INS T
rC—= < RIIIT5 TI¥

— !
1?%%1 _._..sdnﬁ.%ﬁm, :

v38q 4603 Jo Lrwmumg

i

S

=

)AVTIAL

~
-




& . » N B * M .
- . . AC LN
<
- - 3 ‘l : * . » - - "l
o " . . hd * [0 L3 L3
o - 3 e . t i 5 B ® * L m )
i 8Ly, N AT . TH 5 K 5 3 |
ow = AL * °c 35 i et
" 1 % ¥ ! . ' 1 - o«
2 i N PR | A “t “e 1 — 1 i
. - . . 4 4 L - - - L5 « 4
™ - 13 I - < - AL o $ » 3 o b . [ 2. o —
- 9 | 3 ! - 1L ! . “ L L) L3 Gl
v - v o - 1
4 ¢ } + = - < 4 X2 3 = . =
” Ve b by ! | i g 1 .. T S 11 2 it ||.r.|||' } - -
e { { 4 4 { = 2 3 L i - i LA |
. L ] ! - " i *” “ [
4 v Ol | i “ Vo 1 ' i T T —1
=~ 0 { 2 i “ 3 1 - 3 [ 34 [ . 1 -
e et e e e
- > ”. i cLW(- * 7 b . < 6L a Vi & ! 'y i ™ | - _1 e
(19 207 | Sveev at 1 - M ™
= 5% oL’ ! i*u3l 1 4 1 - | . .
T t B L BRI b2 .. S S S S— S SRR S oL
Yo + (¢4 i vl } Jé ] 51 _vo? - i “ 0. ™ i [ 3
T, ® 1 . - 5 3 +
| 26 i 65b 1 7L F11 ._ A 0ve . i - 1 - | - ™
Toqse - SRS J
]
. . ) 3O PEL i |
.— 22 65TC° | 81 | €% G} .:.;eri ] " " - .
_ @33 2ilb N
o . . i 201
- | 8% | ¥t | e | @ C¥z  |Wwict=pR ¥ e=1's=P u
i RO AN [ el I . I - u
1 Uo3aus ees) i
. Jequeyd ,
. 30 pue =r |  «eT=1]
= & g°g o¥e puey 3% 1| &t ST=L°CTwR | *u5°=H
a : ecyc
= ; oo-mnmn oon\mﬁ 8068 8q1 ydi edid eUCS Loqueys QL]
[ I q1 @T330u | @3i0u [OTIBUQEOD a1
; ” . ” iQ 1
b on\o S Fsnayy a0 wt go| genayl| peads woy3oaefuy %
& *bosy | -omreeds| tenz | ewry | sex | aw Ton: i
B
131

: (P.3u0d) w3ug 386 jo Arwamg o




\

Seriel "o, EZ3 B-5350~ A%(%

RITTIAL

CONFID!

¥°86 | 65¥ S6510° | 6°09 L ovs | !

- oz m $O° | 1%y | g%t ovs | . . . - -
O 1610° | 2%85 | ge's . u . . . P
[ - | esy | esto* [ ezs | e ., | . . . .
| i Li¥y | (s (W} 191 4 Ge°s 1 - | ™ » - - -

. . . L ] 1 [ ] L : '
L1188 | 29600 | 4°411 | g2°S o¥s % 7 5 = -.L
| } uoi3eIed ] o«w-.ﬁo ) s.uob 81 o8y . - - -

=] $h. | WIGTTI'ws .u. ST | O . . . .

: [ il
|- CleT | s2556° | 188 | ot o¥s
AQIed6IE  — WWT06T ,W.jgu& %% n n - — - £

S 5L 1 O Y o S a . E : 3

R £ . O 3 L*ST | oar - 5 . - .

- b mmm = .h.. .mwﬂo ”IAO [44 - - - - [ [}

- ST6 | e¥I0Y | 289 | ¢t | OeF u . . . s |

- | Toor | estos | 9" T ot 1 oer . 2 " . u
[ | Ose [ ee1ct | 219 [ T ow ] .. M . - .

- L5 s00° | 6% | s*s | ovz | u.nu.

= + T I T L I t ¥ T . 8 £ -

DO Ol O o ] “ M - . oy
] . =
|- | ow | gsz0° | | ovs . & PR Mg om“l.
. T sw 00° | ¥ ] Ocr “ . . . =
{ 3
L% | ses | ! | ose . " o » =0
——— 1 o 5 i - -
- 4 1 + 7 4 4 o = -
¥se | oee f [ ow - s 2 . .
i hm&ﬂ:
30 o 9s=1 =T
= | %99 | owe0" | s°6 §°s1 | Os% puoy 3v =p =1 21=1'9=p s°t
! T odpd
208/831 | 998/8q1 8098 8q1 ydu odyd o”o0 Jequwyo aw3ul
| 18t | o[320u | eIs20u | WOFSNQWOD b A
oes/oLo NG | aoyy md JO | 3snayy | peeds ucijsafuy
| eBag; 9171%edg | teng ouly 39 L13Y Tong -

(Pa3uc0) wywg 3807 Jo Aremmg




Serial No. EES Be5350- A3(b)

Cclw®
w*

eveio’
§¢1C°
1420
$10°
hu.—(n

g510°
6620°
05£20°

0ge10°

=1

FLTS “
Fsaayl
03 100dg m

oes/eq] 8008 831 e

Fr 1 X Jo  3snay3  paeds uct3oefuy
Tong Tl Eac UL o9,

(P43u00) wyeg 3801 jo Areuzmng

suos
o122¢°

205

Hot

v

4




11

opl

TITIAL

CONFID!

S * ml' "v o - -3
+ I
b b e . »~
o LA . 3 N L 5 e . W [ .l 3 L A - - L ]
s i’ ‘i *§1 . & % “ " i “
= Ve sule® ‘uu £%ut o o o “ ~ M
e
v - | (i Ul “ . "~ * B “ i ™
= 2 utte® 1Y 1 " . - “ i3 LI
Lo~ L
=l g9 <10 L* (2§ Ube “ — - “ o,
.'... oud - 3¢ bin N - el=i ™ ! 8 o)
. .vﬂs... FLTTURES L1=1
SUOTEOTdLe JUIFULLUY ‘ATdedoad e3BUOELY JOU PTLOA = bl g & t M I «_|
= o ] (VLT R U w - 3 0 L % 1 “
| col 5 wuo® 32 e & " - - Fl -..mr.«,, ! -
| i il [Viq OV S'ly S M M " - i . 1. L]
= 081 BOT0* T Ltuy 3 P % “ « | _IEUWE .
I = (5211 6] (9 H n..r.m ' 2°6 ! ™ " - " 13 ) i ] b ﬁ
— == Uso 43 (' i £°30 i §°¢ 1 " ™ = = s ! [ 18 1]
= st clic* 4°0Y ¢ul u “ " - M i .|
L =i oce T4 (e 1 6°0Y : ol M - ~ " ! - 1 LI
JoQuu, g
_ ¢0 puw
§°LG vié | 20w’ 6°gy ] & Fuey qu “ “ | u | "
{ t ! vGid
| | oxu3ur ape 95=1 | rA0)8
= 54 £910° e°ey (V3 ove | IWou-piu =v FTl | 2=UEP g° =P
I EE edia
oonmnﬂ oon\nﬁ 8908 8q] ydw | odid Q9uoo Jequeyo [ >4 PO
1 541 | e12z0u  ®(2%0u | WO}3sNGuOD ars
oas/oko eIy »OTy una jo | 3snayy peeds uci3oefuy 2030y,
*Boag | omoedg | pomd | ewl | 38 | 41 tord |

(Ps3u02) ¥3uq 380] jo Adwummg

PLATF €




)
3 T T T T e -
SL £96 { an.r.lc Nm 1 S°61 | " “ “ ‘ ]
8 I i rsEri g
2 16 gos | wvae | sls | 9l | W . . ; &
m Sl 0g6 | Oeo° | vy | 6l ko " ; .
| $°99 gc6 | 8420 I o T O O % P i <]
® §°99 os6 | seto” v | et | owm ‘ =1 Lt ‘e
- Mﬁhoco.un \oerOnch %0C (HSCL & ﬁe 4 T S & 5
- g°g8 6.8 | ¥elc® | 6°19 [ &%l 1 Uer | . Voo .
T ﬁ + —p T 5 =Y 1
“ Imhmm §16° SHIL10° 25 ITI.wo.m ' M " V= " [
- 004 evlo” | Ues | ot | . ] . e T
+ —— + Fror - s
— . -
18 ¥1L_ | w¥lo* | 2°29 49 u " > | s . .
s gle {gea” | @ | oU 1 ., [ . : : :
. § i wi—i
I8 028 | ogIle® ¢ G%eg | L6 | O¥E | u ¥t . . -
G1-1 ¥ 1
® Lyaedoad 938U0S0L qou PInoK | " e . 5 i
X — = ————ts 2 4 .* = . '3 . $
. $o~1 1
F AT ue | wio | a1 Ly | . : . @ P
el Omm { ﬁﬁﬁ(- u [T ﬁﬂf - 18 “ i w 1 “ .
_ R o
g°06 g6 ww* | goge |l A . . “ “ .
n hﬂr.ﬂ(r-— = . . + l
| _ Jo prre Ge={ -4
- o1 Wi | s29 | sec1 0¥ | peen v Fl el w1 (=7
1 T *- 4
oes/aq] oes/sq1 8008 Q1 yde f1d 4
1 it opzzou | oyzs i are |
oesfokc | 3snay3 w13 | wma Jo | asnayy | peeds | umojgoefuy & |
obosg |owyoods | ton: | ez | ey | ww |t ‘ .

(Pa3u00) w3ug 389y SO Lawamg




CONFIDENTIAL SERIAL NO.EES-B-5350-AS(b)

PLATE 8




CONFIDENTIAL SERIAL NO. EES-B-5350-AS(b)




CONFIDENTIAL

SERIAL NO. EES-B-5350-AS(b)




CONF'DENTIAL S{P(AL NO, EES-B-5350-AS ()

L L] PO

S ON 00 NIDZLDW INIONH




CONFIDENTIAL

SERIAL NO. EES-B-5350-AS(b)

PLATE

- T




REEL

.l
4F¥




o = i PN =
MY 4
s
O AR (9 52 6 eCORICIETI o-5-113 NTle 12548 %
Schuber, %illiam JDIVISION: Power Flants, Jet and Turbine (5) “OaiE AGERCY NUMOZR
SECTION: Testing (17)
CROSS REFERENCES: Ingines, Jet propulszon - Pulse jet ES-B-5350-45(b)
(33400); Engines - Design (32864);
—autHons) __} Generators, Gas (45475)
AMER. THLE: pesign, construction, and testing of a 6" valveless-resojet
; Vs ) 4 .
roren.tme. P 207G . o, e /,’,/A,‘ s
&
ORIGINATING AGENCY: ilavy Dept., Bureau of Aeronautics, Anna{polis, Md. om)
TRANSLATION: (
COUNTRY | LANGUAGE [FORG'NCLA u. S.CLASS DATE | PAGES lLLUS FEATURES
u.s. Eng. un'ss | 18 phobos, tables, graph, drwgs
ABSTRACY :

5ix in. valveless-recojet engine wus designed, constructed, and tested. Power plant
consists of combustion chamber, nozzle pipe, air intake duct, end a means of injecting
end igniting fuel. Valving is accomplished acoustically rather than mechanically.
Gaseous propane was used as fuel. This power plant is capable of delivering a maximum
net thrust of 13.5 1b at specific thrust of 835 lb/lb/sec. Engine could be used in
applications which require a light-weight, jet-propelled unit or as gas generator for

sris Sl ushsse fe. Do Fen 8
AD=AS00 1o4mE = i




DD @/,e.s-z&eo Z R N
//¢ 7%4 ¥

U‘Zfﬂ




